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Abstract
An X-ray study was made to examine whether some part of the
soft X-ray background is coming from hot gas in the Local Group. For
this purpose, four consecutive pointings were made with ASCA toward
a sky region between M 31 and M 33, which is close to the direction
of the center of the Local Group. By comparing the X-ray surface
brightness in this sky direction with that in another blank sky region
near the north equatorial pole, an upper limit on any soft excess X-ray
background was determined to be 2.8×10−9 erg cm−2 s−1 sr−1 with
a 90% confidence level statistical error. Assuming an optically thin
thermal bremsstrahlung energy spectrum (Raymond-Smith model) for
a temperature of 1 keV and a β-model electron density distribution
for a core radius of 100 kpc for the X-ray halo, the upper limit of
the central plasma density was obtained to be 1.3×10−4 cm−3. The
plasma column density is too low to contribute significantly to the
observed quadrupole anisotropy in the cosmic microwave background.
1 Introduction
It is well known that clusters of galaxies and elliptical galaxies contain an
X-ray emitting hot gas. From X-ray observations with ROSAT (Pildis et al.
1995; Mulchaey et al. 1996; Mulchaey, Zabludoff 1998) and ASCA (Fukazawa
et al. 1996; Davis et al. 1999; Takahashi et al. 2000), it has become clear
that groups of galaxies which are rich in elliptical galaxies also contain hot
gas having a temperature of ∼1 keV. Then, how about the Local Group?
Because the Local Group is not rich in elliptical galaxies, we may not expect
much hot gas in it. Also, X-ray emission from such a halo would be rather
difficult to observe because such a hot gas in the Local Group must be widely
spread and we would be inside it. Nevertheless, hot gas in the Local Group
would have significant implications for X-ray Background (XRB) and Cosmic
Microwave Background (CMB).
The origin of the XRB is mainly considered to be an accumulation of
unresolved point sources (Fabian, Barcons 1992). In the 0.5–2 keV band,
70–80% of the XRB has been resolved into point sources above 5.5×10−15 erg
cm−2 s−1 with ROSAT (Hasinger et al. 1998) and Chandra (Mushotzky et al.
2000; Giacconi et al. 2001). However, XRB below 1 keV has an additional
spatial complexity against an isotropic emission, as is clear in on all-sky
map of ROSAT (Snowden et al. 1995). In addition, the XRB below 2 keV
shows a spectral excess above the power-law component of photon index 1.4
that well describes the spectrum above 2 keV (Hashinger 1992; Gendreau
et al. 1995; Ishisaki 1996; Chen et al. 1997; Miyaji et al. 1998; Parmar et
al. 1999). The excess component of the XRB is contributed by optically
thin thermal emission having a temperature of ∼0.1 keV from an ionized
gas surrounding the solar system, and an emission of temperature of ∼0.7
keV associated with our Galaxy (e.g., Sidher et al. 1996; Parmar et al.
1999; Kuntz, Snowden 2000), as evidenced by line emissions from OVII and
CV (Inoue et al. 1980; Rocchia et al. 1984) and a shadowing study of XRB
with cold clouds (Kerp 1994; Snowden et al. 1997; Kerp et al. 1999). In
addition to these components, there may also be thermal emission from the
hypothetical Local Group halo contributing to the soft XRB.
A CMB quadrupole anisotropy of 6 µK has been detected with COBE
(Bennett et al. 1994), and interpreted as a fluctuation made during inflation.
Suto et al. (1996) have suggested that the quadrupole anisotropy might be
partially contributed by the Sunyaev–Zel’dovich (SZ) effect due to hot gas
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in the Local Group, though some authors claim that the effect should be
negligible (Pildis, McGaugh 1996; Banday, Gorski 1996).
Using the ROSAT PSPC archives, Sidher et al. (1999) derived the electron
core density of the Local Group to be (0.4±0.3)×10−3 cm−3 at 0.17 keV,
which is too low to cause any significant effect on the CXB or CMB. However,
Sidher et al. (1999) used XRB data far from the center of the Local Group
toward the direction of M 31. Here, we report on our search for hot gas in the
Local Group with ASCA (Tanaka et al. 1994) in the XRB spectra acquired
in the direction toward the center of the Local Group, and present an upper
limit on the electron density and the CMB anisotropy.
2 Observation
Assuming that the halo is densest toward the center of the Local Group, we
searched for the Local Group X-ray halo by taking the difference in the XRB
surface brightness between the direction of the center of the Local Group
and the opposite direction. A calculation of galaxy kinematics (Peebles 1990)
suggests that the center of the Local Group is situated in the middle between
our galaxy and M 31. However, the pointing direction should be offset by
several degrees from M 31 because M 31, itself, is a largely extended X-ray
source. Therefore, we decided to observe around (l, b)=(123◦, −28◦), which is
a middle point between M 31 and M 33, as shown in table 1 and figure 1. Here,
we assume that the hot gas associated with the Local Group has a core radius
larger than 40 kpc, which corresponds to this offset distance from the true
center of the Local Group. The galactic component of the XRB in this field
can be neglected at around 1 keV. We performed four neighboring pointings
with ASCA in order to reduce the risk of finding unexpected bright sources
in the field of view. Hereafter, we call these observed fields the LGC field.
The basic technique we used was subtraction of the GIS spectra acquired in
the two directions, the LGC field and the LSS field.
For a reference sky region, we used the data of the ASCA Large Sky Survey
(Ishisaki 1996; Ueda et al. 1998), covering a large sky area of 7.2 deg2 near
the north equatorial pole. These data are ideal as a reference, because its
direction is about 113◦ offset from the direction to the LGC. The X-ray
surface brightness due to any hot gas in the Local Group towards this field
was estimated to be 59% of that in the LGC direction, assuming a β model
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electron density distribution with a core radius of 500 kpc, as described in
subsection 4.1. Hereafter, we call this reference sky the LSS field.
3 Data Analysis and Results
3.1 Data Screening and Non X-ray Background
In comparing the surface brightness of the LGC and LSS, we used only data
from the Gas Imaging Spectrometer (GIS; Ohashi et al. 1996) coupled to the
X-ray telescope (XRT; Serlemitsos et al. 1995), primarily because of its larger
solid angle than that of the Solid State Imaging Spectrometer (SIS; Burke et
al. 1994). Moreover, the evaluation of the non X-ray Background (NXB) is
well established and the stability of the detector performance has also been
confirmed for the GIS, which is suitable for our purpose of searching very
extended and faint X-ray emission. During observations of both the LGC
and LSS, the GIS was operated in the PH normal mode.
We screened all of the GIS events taken in each observation, by first em-
ploying the standard event selection criteria; i.e, the f.o.v. elevation should
be ≥ 5◦ (or 25◦) above a dark (or a sunlit) Earth rim, and the geomagnetic
cutoff rigidity (COR) should be ≥ 6 GV. We performed a further event
screening utilizing the GIS monitor counts H02 (i.e., H0+H2; see Ohashi et
al. 1996; Makishima et al. 1996), Radiation-Belt-Monitor counts, and COR.
This additional selection, called the H02 method, improved the NXB repro-
ductivity, mainly by rejecting data affected by unexpected increases in the
NXB counts, which are probably due to a concentration of charged particles
on the satellite orbit. Further details of the screening procedure are described
in Ishisaki (1996) and Ishisaki et al. (1997).
In order to determine the surface brightness of both fields, we basically
collected events within a radius of 20’ from the optical axes of GIS 2 and
GIS 3, where the calibration of the GIS was accurate enough for our purpose.
However, the obtained spectra also contains NXB events and X-ray emission
from moderately bright point sources in the fields, which had to be subtracted
(§3.2).
The NXB could be estimated by utilizing the GIS data acquired while the
XTR was pointing to the night Earth, presuming that the night Earth emits
no X-rays and that the atmospheric reflection of cosmic X-rays is negligi-
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ble. For this purpose, a large amount of GIS NXB database was produced
(Ishisaki 1996), by accumulating night-Earth data for 1400 ks. However, we
did not conduct real-time NXB measurements during each on-source obser-
vation, and the NXB level is known to vary by as much as a factor of two or
so depending, e.g., on the spacecraft location around the Earth. As a result,
direct subtraction of the night Earth GIS spectrum from the on-source one
introduces a large systematic error.
In order to overcome this problem, the so-called H02 method was developed
(Ishisaki 1996). It utilizes the fact the one of the GIS monitor counts, called
H02 (Ohashi et al. 1996), is tightly correlated with the instantaneous NXB
normalization. We then sort the above mentioned NXB database into a
sequence of NXB spectra according to the H02 counts, and combine them in
reference to the actual H02 count distributions during the on-source exposure.
The synthetic NXB spectrum created in this way can be subtracted from the
on-source spectrum, after a correction for a long-term secular NXB increase
by ∼ 5% yr−1, which is probably due to an in-orbit build up of long-decay
radioactive isotopes (Ishisaki 1996).
Since the H02 method utilizes the long-exposure NXB database, the syn-
thetic NXB spectra are relatively free from statistical errors. However, they
are still subject to sporadic NXB variations, e.g., on day-by-day time scales,
that are not clearly reflected in the H02 counts. This systematic effect limits
the accuracy of the NXB subtraction (Ishisaki 1996; Makishima et al. 1996).
The expected NXB reproducibility is limited to ∼ 7% in terms of the 90%
confidence systematic errors. In contrast, that in the LSS data is accurate to
3%, because the sporadic NXB variations tend to average out over the 515
ks of on-source exposure for the LSS.
3.2 Image and Removal of Point Sources
In figure 2, we show an NXB-subtracted 0.7–7 keV image for the LGC, after
smoothing with the detector-position-dependent point-spread function, as
described by Takahashi et al. (1995). The corresponding LSS image is given
by Ueda et al. (1998).
We can observe some point sources in the LGC image. There are also
several moderately bright point sources in the LSS (Ishisaki 1996; Ueda et
al. 1998). The brightest point source in the LGC has a 2–10 keV flux of
0.6×10−12 erg cm−2 s−1, while that in the LSS is 2×10−12 erg cm−2 s−1.
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These fluxes were derived by assuming a power-law spectra of photon index
1.7, together with the Galactic absorption.
In order to accurately compare the XRB brightness in the two fields, we
must subtract point sources at the same flux threshold. With the source-
masking method that Ishisaki (1996) developed, we removed point sources
above a threshold flux of 2 × 10−13 erg s−1 cm−2 (2–10 keV). Each mask is
circular, and its size is determined to cover up to a radius where the point
spread function produced by the contained point source becomes 3% of the
XRB brightness. We also considered the vignetting effect. By this point-
source exclusion, the effective area could be decreased by 23.5% for the LGC
and 24.7% for the LSS.
3.3 XRB and Local Group Halo
After removing point sources, we summed up events from the two GIS de-
tectors over the four fields of the LGC to obtain an XRB spectrum in the
LGC direction. Exactly in the same way, we processed the LSS data. These
spectra are presented in figure 3. In estimating the XRT effective area, we
considered the effects of the point-source masks, as well as those of the vi-
gnetting and the stray light.
First, we fitted these spectra in the 2–10 keV band with a single power
law, modified by the galactic absorption, 5.1×1020 cm−2 for the LGC and
1.1×1020 cm−2 for the LSS (given by EINLINE). We obtained a photon index
of 1.67 with a χ2/d.o.f. 1.17 for the LGC, and a photon index of 1.47 with a
χ2/d.o.f. 1.20 for the LSS. When these best fits were extended into the entire
0.6–10 keV range, the fit a χ2/d.o.f. became 1.18 for the LGC and 3.82 for
the LSS. A clear excess is seen in the energy range below ∼2 keV, particularly
in the LSS spectrum, in agreement with the general XRB property (section
1). However, the soft excess appears to be less significant in the LGC fields.
We next fitted these two GIS spectra with a two-component model, consist-
ing of a hard power law and a soft power law, of the form abs(E) ∗AE−Γh +
BE−Γs in the 0.6–10 keV band. Here, E is the X-ray energy, A and B are
normalizations, Γh is the photon index of the hard power law, and Γs is the
photon index of the soft power law. We applied the Galactic absorption
abs(E) = e−NHσ(E), mentioned before, to the hard power-law component for
each field. Here, NH is a column density (cm
−2) and σ(E) is a cross section
of a photo absorption. When we left both Γh and Γs free, or fixed only Γh
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at 1.4, the fit for the LGC had such large errors that we were unable to con-
strain the two components. Therefore, we fixed Γs = 6.0 (after Ishisaki 1996)
and left Γh free. The fitting results are presented in table 2, where the errors
include both the statistical error (90% confidence level) and systematic error
of the H02 method (90% confidence level) described in subsection 3.1. We
show the fitted spectra and residuals in figure 3.
Thus, the soft XRB components in the LGC fields are in fact fainter than in
the LSS filed. Allowing for errors, the 0.6–2 keV soft XRB flux in the LGC
direction is at most 0.66 ×10−8 erg cm−2 s−1 sr−1, while that in the LSS
direction is at least 0.38 ×10−8 erg cm−2 s−1 sr−1. By taking the differences
between these two fluxes, we set a 90% upper limit of 2.8×10−9 erg cm−2 s−1
sr−1 to any excess in the soft XRB in the LGC direction above that in the
LSS.
There is a systematic error for an absorption column, which may affect the
soft power-law flux. We estimated this effect by assuming a systematic error
of the NH values to be ±20%. This affects the soft power-law flux of each
XRB by ±2%, which has a negligible effect on the present upper limit. There
could also be a contribution from the hot gas associated with our galaxy, and
from the ionized gas surrounding the solar system. However, because the
former is expected to be stronger on average in the LGC direction(b ≃ −30◦)
than in the LSS field(b ≃ 90◦), a proper subtraction of this component would
reduce the derived upper limit on the excess XRB flux in the LGC direction.
We conservatively retained the upper limit on value mentioned above. The
latter component, with a typical temperature of 0.1–0.15 keV, is too cool to
contribute to the GIS band.
4 Discussion
4.1 Limit to the Physical Parameters of Hot Gas
We derive an upper limit on the electron density from an assumption that the
spectrum of emission from the hot gas in the Local Group can be represented
by optically thin thermal bremsstrahlung, specifically by a Raymond-Smith
model(Raymond, Smith 1977), and its electron density distribution is repre-
sented by a β-model.
First, we translated the upper limit flux of the hot gas (table 2) into an ob-
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served normalization, Fobs, of the Raymond-Smith model. The metal abun-
dance was fixed to 0.3 solar based on results for other groups (Mulchaey et
al. 1996; Fukazawa et al. 1996; Hickson 1997; Mulchaey, Zabludoff 1998).
We fixed the plasma temperature in the range of 0.3–1.2 keV, stepping by
0.1 keV, to cover the typical values found in groups of galaxies (Pilidis et al.
1995; Fukazawa et al. 1996; Mulchaey et al. 1996; Mulchaey, Zabludoff 1998;
Davis et al. 1999; Takahashi et al. 2000). Although the small velocity dis-
persion, about 60 km s−1, of the Local Group might indicate a considerably
lower temperature (e.g., ∼ 0.1 keV) for a hydrostatic hot gas, the GIS does
not have sensitivity for such cool emission. Therefore, our result is limited
to any hot gas which is hotter than ∼ 0.3 keV.
Next, we must relate the observed normalization of the Raymond-Smith
model, Fobs, which is derived from the data, with physical and geometri-
cal halo parameters. The normalization of a Raymond-Smith model (F ) is
generally given as
F = 10−14
∫
Ne(r)
2
4piξ2
dV. (1)
Here, 10−14 is an arbitrary scale incorporated in the XSPEC model, r (cm)
is the distance from the center of the Local Group, ξ (cm) is the distance to
the X-ray emitting region, and Ne(r) (cm
−3) is the electron density at r . In
reference to the geometry illustrated in figure 4, r2 is given as
r2 = ξ2 − 2x0ξcosθ + x20, (2)
where θ is the angle between the center of the Local Group and the X-ray
emitting region, and x0 is the distance to the LGC. In a β model, Ne(r) is
given by
Ne(r) = N0
[
1 +
(
r
rc
)2]−2β/3
. (3)
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Here, rc (cm) is the core radius of the hot gas and N0 (cm
−3) is the central
electron density. We assume that the electron density obeys a β model of
β = 2/3 based on the results for other groups (Pildis et al. 1995; Mulchaey
et al. 1996; Mulchaey, Zabludoff 1998; Takahashi et al. 2000). Then, the
observed normalization, Fobs ( sr
−1 ), for β =2/3, which is the difference of
gas emission between the directions of the LGC and LSS, is written as
Fobs =
10−14
4pi
×N20 rc
(
pi
2
+ 1
)
2
×

1−

1 +
(
sinθ
θc
)2
−3/2

 , (4)
with θc ≡ rc/x0, and θ = 1.97 rad being the angle between the LGC and the
LSS.
By using equation (4), we translated the observed normalization of halo,
Fobs, into the quantity N0
2rc for each plasma temperature. We fixed x0 =
350 kpc, which is half the distance of M 31. We took a core radius in the
range of 100–500 kpc because other groups have a core radius of 40–400 kpc
(Pildis, Mcgaugh 1996; Mulchaey , Zabludoff 1998; Mulchaey et al. 1996),
and because we could not constrain any halo of core radius ≪ 40 kpc due to
our observing strategy (section 2). We present the result in figure 5. Thus,
the upper limit on the central electron density of the Local Group is typically
1.3×10−4 cm−3 for a core radius of 100 kpc and an assumed temperature of 1
keV. This value is considerably lower than those of X-ray emitting groups of
galaxies (Mulchaey, Zabludoff 1998; Pildis et al. 1995). This is presumably
because the Local Group is a poor group which does not contain any luminous
elliptical galaxies. This result is consistent with the null detection (0.4±0.3)
×10−3 cm−3 with ROSAT of the 0.17 keV thermal emission (Sidher et al.
1999).
4.2 Limit to the CMB Quadrupole Anisotropy
The CMB quadrupole anisotropy, Qsz, is related to the halo parameters as
Qsz =
√
5piσTkT
4fmec2
× N0rc ×
9
[
tan−1
(
x0
rc
)
− 3
(
x0
rc
)−1
+ 3
(
x0
rc
)−2
tan−1
(
x0
rc
)]
(
x0
rc
) (5)
(Pildis, McGaugh 1996). Here, σT is the Thomson scattering cross section
and f is a numerical fudge factor owing to the spherical harmonic multipoles;
we adopt f =8.7 after Pildis and McGaugh (1996). Substituting this formula
with N0rc mentioned in subsection 4.1, we calculated the upper limit to the
CMB quadrupole anisotropy caused by hot gas in the Local Group. We
assume a plasma temperature of 1 keV, a metal abundance of 0.3 solar,
β = 2/3, and x0 = 350 kpc. By changing the assumed core radius in the
range of 100–500 kpc, the expected CMB anisotropy was calculated, as shown
in figure 6.
The results indicate that the expected CMB anisotropy is at most a few nK.
This is far below the observed quadrupole anisotropy of 6 µK. In conclusion,
we have not found significant effects caused by hot gas in the Local Group,
on either the XRB or CMB.
We are grateful to the ASCA team for the operation of ASCA. We thank
also the members of the software team.
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Table 1: Observation log.
Field∗ Date Direction Exposure Area NH
†
(α2000, δ2000) (s) (deg2) (1020 cm−2)
LGC 1996 August 2 to 4 99002 1.60 (1.22)♯ 5.1
(LGC 1) 1996 August 2 0h52m, 36◦30’ 18988 0.40 5.1
(LGC 2) 1996 August 3 0h52m, 35◦42’ 27082 0.40 5.1
(LGC 3) 1996 August 3 0h50m, 35◦00’ 20136 0.40 5.1
(LGC 4) 1996 August 4 0h48m, 34◦18’ 32796 0.40 5.1
LSS 1993 December 26 13h14m, 31◦30’ 515392 7.22 (5.44)♯ 1.1
to 1995 July 8‡
∗ LGC stands for the center of the Local Group; LSS for the reference sky.
† Galactic column density is obtained from EINLINE.
‡ 76 pointings each for ∼20 ks are summed (Ueda et al. 1998, 1999).
♯ Area after removing point sources above a certain threshold flux (see subsection 3.2).
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Table 2: Result of spectral fits to XRB in the LGC and that in the LSS.
LGC LSS
Flux (2–10 keV)∗ in AE−Γh 4.56+0.67−0.66 5.58
+0.27
−0.23
Γh 1.64
+0.16
−0.14 1.46
+0.05
−0.04
Flux (0.6–2 keV)∗ in BE−6.0 0.25+0.41−0.25 0.52
+0.13
−0.14
χ2/d.o.f.† 77.62/70 71.28/70
∗ In unit of 10−8 erg cm−2 s−1 sr−1.
† Systematic errors are not included.
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Figure 1: Positions of the observed fields (LGC) and the reference fields
(LSS) in the Galactic coordinates, both marked with plus. The positions of
M 31 and M 33 are also shown.
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Figure 2: NXB-subtracted and smoothed image of the LGC in the 0.7−7.0
keV band. The brightness is plotted in a linear scale. The dotted areas show
the point source masks, of which the threshold level is 2×10−13 erg s−1 cm−2
in the 2−10 keV band.
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Figure 3: The XRB spectra in the LGC (left) and LSS (right) fields, fitted
with two power-laws. The photon index of the soft power-law is fixed at 6.0,
and the Galactic absorption is applied to the hard power-law. Systematic
errors are not included.
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Figure 4: Geometry of the Local group halo, quoted from Suto et al. (1996).
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Figure 5: Upper limits of the quantity N0
2rc of the Local Group, plotted
against a plasma temperature, assuming β = 2/3, a metal abundance 0.3
solar, and the distance to center of Local Group 350 kpc (crosses). A diamond
represents the ROSAT result (Sidher et al. 1999), assuming a core radius of
150 kpc and a gas temperature of 0.17 keV. The circle indicates the expected
value for the Local Group halo calculated by Suto et al. (1996). The squares
represent the parameters for some of the X-ray detected galaxy groups, and
stars indicate the upper limits for the X-ray undetected groups, assuming a
gas temperature of 1.0 keV, extracted from Pilidis and McGaugh (1996).
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Figure 6: Upper limits of the CMB quadrupole anisotropy caused by hot
gas in the Local Group, calculated as a function of the assumed halo core
radius, assuming a gas temperature of 1.0 keV, β = 2/3, a metal abundance
of 0.3 solar and the distance to center of the Local Group as being 350 kpc
(crosses). The circle indicates calculation by Suto at al. (1996). The diamond
indicates the ROSAT result (Sidher et al. 1999), assuming a core radius of
150 kpc and a gas temperature of 0.17 keV. The dotted line is the CMB
quadrupole anisotropy observed by COBE (Bennett et al. 1994).
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